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ABSTRACT

PROJECT-BASED HIGH SCHOOL

SCIENCE ACTIVITIES
By
Raymond Lynn Harris
June 2003

The development of project-based science activities and assessment rubrics are
presented. A total of fifteen different science projects are presented for use in the high
school science classroom. The activities are complete with lesson plans, design lessons,
overviews of materials and follow up assessments. The activities are designed to
combine essential academic learning requirements with real-world applications and can
be applicable to a wide variety of concepts. The development of these activities is
supported by the literature review as well as the use in the author's classroom.
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Chapter One
Introduction
Overview
Applying learning to real-world situations for students is probably one of the most
difficult tasks teachers face today. Students are being barraged with stimulus from
society at-large and forced to learn information that the state deems to be pertinent. As
challenging as the education profession has become, one tool that we have at our disposal
is the use of hands-on learning. When used correctly, which means to say often, indepth, interesting, relevant, and relating to the learning objective, the hands-on approach
can be highly effective (Rutherford and Ahlgren, 1990). When students are asked to "do"
a project instead of just read about it, their ability to reproduce the learning on their own
and in different settings is increased tremendously. "When you hear, you forget. When
you see you understand. But, when you do, you will always remember." This statement
is the core premise behind the importance of implementing hands-on learning into the
classroom.
Need for the Project

It is widely believed that every student will eventually go to college. It is a
commonly accepted statistic that less than 1% of the world's population has a college
degree, although closer to home this statistic is climbing. One generation ago, less than a
third of high-school seniors were college-bound, but that figure has doubled recently
(Kantrowitz, 2002, p. l ). Within Eisenhower High School the majority (greater than
50%) of graduating seniors will not complete an associate's degree; however the current
curriculum is aimed at giving all students the necessary ingredients to begin a college
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education. Change is good and even though Newton's Laws have been in use for three
centuries, and Maxwell's equations were written over one hundred years ago we must
continually search for a better way to present it (Lehrman & Schwartz, 1965, p.v). What
have changed are the students and the pace at which the material must be presented. The
majority of today's students do not necessarily know what tomorrow will present to them,
but they do know that they like to be entertained while preparing for it. Science
educators are on constant lookout for fast-paced ideas and activities that will keep
students in the know of science basics but at the same time hold their attention.
The integration of a project/performance-based curriculum can be easy when
accompanied by some simple tools. First, the immediate community must show a need
for the students that are entering it to demonstrate specific tasks. For instance, an
environmental education ofNew Zealand would certainly be relevant to students in that
country, but would be a hard sell to a local school board in Omaha, Nebraska. A recent
publication discussed the need of the New Zealand environmental education in the form
of " ... waterway restoration projects and curriculum development efforts to create
activities and ideas that would be incorporated into the regular school curriculum"
(Kocon, 2002, p. l ). If a community were to witness some environmental changes that
needed to be studied, they would no doubt back some curriculum development that could
be relevant.
The application level is and always will be the highest level of learning (Guskey,
2001). Current educators are not designing curriculum for students that are intelligent but
not necessarily heading to college. More curricula need to be designed for the tradesmen
and tradeswoman that will do our community a service as linemen, mechanics,
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secretaries, and mill rights. Educators cannot design curriculum that only will address
the college bound and book literate students and only in the knowledge level of Bloom's
Taxonomy (C.W. Rishor, personal communication, September 5, 2002).

Pwpose of the Project
The purpose of this project is to develop a project-based high school science
curriculum with activities that link basic scientific principles with real-world
applications. There is a great need for such a curriculum beOcause employers of today
are looking for certain skills, which hands-on activities are developing. Very often
educators do not address the higher levels of competence on a daily basis nor do they
think that improvement needs to be made in this area (Guskey, 2001). Ifwe truly believe
that the U.S. is in fact lagging behind other parts of the world, then changes in how we do
things must be made. What kind of changes are we talking about? In educational
conversations going on all over the country different paradigms are being discussed and
argued. Year-round-school is often a hot topic as more and more schools begin to take a
look at the traditional calendar. Standardized testing is another topic that is being
discussed on an hourly basis somewhere in the country as the Federal Government
implements No Child Left Behind. With all of these changes and new policies,
education is now a totally different beast than it was ten years ago (C.W. Rishor, personal
communication, September 5, 2002). To meet some of the new challenges teachers are
being faced with, there needs to be a good hard look as to the instructional practices
going on in the classroom. If it is our goal to change the current state of American
education we must be willing to amend some of our practices in exchange for more
effective teaching methods. We have to know by now that students are not like they were
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fifty years ago, when much of our current ideas about education were formed. Today's
children are being bombarded with instant gratification stimulus like television,
computers, phones, and videogames. Educators need to adapt their teaching to meet the
students where they are at so they can successfully complete the tasks. Hands-on
interactive learning- and cooperation and being- able to perform, construct, think and
produce are all skills that many employers are looking for in new applicants. In today's
job market, working cooperatively on hands-on projects is a reality and what teachers do
in the classroom needs to reflect what they will encounter in the workplace (Rutherford
and Ahlgren, 1990).
Hands-on activities used in classrooms are increasing student achievement,
cognitive development, and interest across all of the disciplines. The days of simple
paper and pencils are over, replaced by computers, models, and real-life examples (KC.
Christianson, personal communication, December 12, 2002).
Hands-on, physically interactive science is the only way to go. Studies have
shown that when students are actively involved with the subject matter, learning
increases. In the classroom setting, as well, implementing hands-on activities will keep
students interested in what they are learning, thus making the learning intrinsic. When
students are interested in the learning, they enjoy what they are doing and have a positive
outlook on school. Students who are not motivated will not complete their work; they
will cause problems with other students and hamper the learning environment in the
classroom (D.M. Hanna, personal communication, October 18, 2000).
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Scope of the Pr()ject

This project will encompass thirteen three-dimensional student projects and assessment
rubrics along with two production laboratory finals for use at Eisenhower High School in
Yakima, Washington. The individual lessons, though designed for use at the high school
level, chiefly grades nine through twelve, can with some adaptation, be implemented at
the middle school level.
Definition of Terms
Project-Based Curriculum: Curriculum designed for the building of a project,

whereas a student's achievement is measured by the project itself, i.e. a student's
performance is measured by the product he/she builds. (Boston, 1998; Friedman, 1999)
E.A.L.R: Essential Academic Learning Requirement (Washington State

Commission on Student Leaming, 2002)
Summa1y

In this project, the chapters are organized in the following sequence: Chapter one
identifies the need for a project-based curriculum as well as identifies what it entails.
Chapter two will support the need with literature on project-based curriculum within the
high school science arena. It will demonstrate a call for project-based learning as well as
cite many successful examples of it at work. Chapter three will discuss the methods in
which project-based curriculum was utilized in a science classroom. Chapter four is the
actual project including lesson plans, design sheets and rubric assessments of 15
individual projects and performance based activities and chapter five summarizes what
this project may do for hands-on applied learning within the classroom.

Chapter Two
Review of Literature

Introduction
Education has no higher purpose than preparing people to lead personally
fulfilling and responsible lives. For its part, science education- meaning
education in science, mathematics, and technology- should help students to
develop the understandings and habits of mind they need to become
compassionate human beings, able to think for themselves and to face life head
on. It should equip them also to participate thoughtfully with fellow citizens in
building and protecting a society that is open, decent, and vital. America's futureits ability to create a truly just society, to sustain its economic vitality, and to
remain secure in a world tom by hostilities- depends more than ever on the
character and quality of the education that the nation provides for all of its
children. (Rutherford, and Ahlgren, 1990, p. V)
Chapter two contains several subheadings including an introduction, projectbased instruction, the assessment of project-based curriculum, and the summary. In
project-based instruction, it contains examples of how project-based instruction is being
successfully implemented at different schools around the country. Though examples of
project-based instruction have different looks and procedures, all are striving for the same
goals. The following subheading, the assessment of project-based curriculum, speaks to
the issue of how assessment and project-based curriculum can work in conjunction with
each other.
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Project-Based Instruction
Teachers are reinventing what they are currently doing in the classroom to better
prepare students for what awaits them in the outside realm. One example of this occurred
in Jackson, Mississippi, where teachers at Brinkley Middle School started the "Algebra
Project," which was a yearlong curriculum designed to integrate math into the lives of the
students, including culture and life experiences. The goal of Algebra Project was to
emphasize how math is tightly integrated into everything we do. To accomplish this goal
blues artists came to the school and taught students not only the history of the music, but
also taught them how to play. So for two weeks a year, students learned the drums,
keyboard, and guitar and at the same time learned about fractions, measuring tempos, and
ratios, which are part of the music. But music was not the only medium used to teach
math to the students in this project; building blocks, games, going on a historical trip, and
even dance became a tool oflearning. So while math scores were improving in Jackson,
it was not the only benefit of Algebra Project. Student misbehavior went down
tremendously as students began to become more interested in school. These changes
began to improve teacher attitude towards math and their students. The success of this
project is that it made math meaningful to the students, without just the rote
memorization of facts. The Project also helped to connect the students with their culture
through the use of music and history (Moss and Dennis, 1996).
Math is but one discipline where hands-on learning is making great gains in
student performance. Science, while historically one of the more hands on subjects, is
another such topic where hands-on activities are being used to increase student
understanding. A school in Slidell, Louisiana, under the tutelage of seventh-grade
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science teacher Naif Shahady, began a hands-on science project that eventually spread to
the entire seventh-grade science program. Shahady used a wetland that was located on
the school grounds to teach students about life cycles and behaviors of creatures that
share an ecosystem. Various kinds of swamp plants and wildlife were introduced to the
wetland to get things going and since then many animal visitors have found the wetlands
and now call it home. Students had several tasks to perform while in science class, which
included "collecting water samples and analyzing water temperature, pH levels, nitrate,
oxygen and ammonia content and turbidity" (MacGlashan, 1998, p. 9). The process by
which students had to gain this information gave them a much better understanding of the
importance of a balanced ecosystem and the difficulty in maintaining one. Students
learned hands-on about the relationship between different animals and between plants
and animals. There was some unexpected learning that also occurred, learning that no
one could have accounted or planned for in the beginning. Algae had begun to grow in
the wetlands as a result of fertilizer run off from the school's lawn, which attracted new
kinds of wildlife never before seen at the wetlands. An example of this is when a killdeer
arrived, feasting on some of the fish living there. One student found it so interesting he
went home and on his own accord looked up information and came to class sharing the
information and pictures he had found. This is a great example of how hands-on learning
is peaking the interest of students and sparking their interest enough to want to go out on
their own and continue the research (MacGlashan, 1998).
Benjamin Bloom's most notable work, Taxonomy ofEducational Objectives,
Handbook 1: The Cognitive Domain (as cited in Guskey, 2001), more commonly known

as Bloom's Taxonomy, addresses the issue that the majority of education is only on the
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knowledge or comprehension level of competence (Guskey, 2001). Because of this,
hands-on learning has increased student understanding and achievement, which is shown
to be true when we take a look at Cole Middle School in Denver. There, seventh graders
decided to figure out why their drinking water tasted "funny." Students set out to
discover if the taste came from the purification process the city used to clean the water,
which could be unhealthy. The program was called Earth Force and originated in
Alexandria, Virginia, but had spread out across the nation. The students involved in this
particular study were in seventh-grade lead by teacher Robert Gatewood and were the
class that everybody had given up on. Gatewood decided early on that he was not going
to give up on them and saw them as a challenge (Boston, 1998).
The Earth Force program was implemented to help these students, who cared
very little about school, see that they can make a difference. The training of teachers for
this program consisted of some summer training and monthly planning consultations,
where teachers created a curriculum for the first half of the year and then implemented
that curriculum for the second half Its premise was that, though middle school aged kids
do not care about much, they do care about the environment. A Harris Poll in four states
found that to be true and that when students were faced with situations that they honestly
cared about their levels of participation and effort increased. With that being the case,
Earth Force has had students tackle many environmental problems and safety issues that
were in their own communities. Among these were traffic congestion, pollution, and bike
safety, to just name a few. The Earth Force model consists of six steps that help the
students along a process that leads them from street-level investigations to possible policy
change at the highest level. In stage one, students look around at their own community

(
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and see what kind of environmental problems they can see with their own eyes and the
second stage has students narrow down their focus on just one problem. In stage three,
after students have identified a problem, they then begin to investigate the problem. In
Robert Gatewood's case, the class began to investigate the policies of water quality in
their municipal water supply and those responsible for making those policies. Stage four
has the students identifying different solutions for influencing the policies and their
practice and looking at possible courses of action. Stage five consists of students making
a plan as to how they are going to go about letting the community know of the problems
and their ideas for some possible solutions. Finally, in stage six students have
successfully completed their project The final desired outcome is not to have necessarily
made some huge environmental impact, but to give students a sense of themselves and
how their voice can be heard. They will form values during the project, values that will
be beneficial to them as them become adults and enter the working world. Students
become more interested in what they are learning because they are actively involved in
the process and not stuck behind a book reading about how others have induced change
and the entire time becoming more self-confident and prideful (Boston, 1998).
Kids are very curious by nature, so given the right formula that allows them to
actively become involved in the learning, most will meet the challenge head on and enjoy
every minute of it Twelve-year-old Dustin Hicks from Spirit Lake is one such boy. His
fifth grade teacher gave the class an assignment for coming up with a science project
Dustin, who had recently lost a family friend when he became disoriented in the woods
after his truck slid off the rode, decided to invent a way that people could mark where
they had been. Because the science project was performance based and not the
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traditional paper and pencil assignment, Dustin was able to bring his own creativity into
the process. He invented a kind of paint pen that could be used to mark on trees or rocks
or just about anything to alert others of your whereabouts should you become lost in the
woods and he even added a glow in the dark element for those low light situations. The
paint is waterproof, so it will not wash away in the rain, but it will wipe clean with
alcohol. Dustin took his invention to several competitions, which included taking first in
the school's Invention Convention and third at regionals. He is now in the process of
trying to get a patent for his invention that he named the Safe-T-Right, but the costs
involved are more than his parents bargained for. This is just another example of how
students thrive when given the opportunity to become a part of what they are studying
and not just a quiet observer (Taggart, 1998).
A study done at Texas A&M University set out to examine how increasing the use
of instructional technology and integrating content across the curriculum helped students
to achieve higher levels of understanding. It explores the GTECH project, a grant from
the GTE Foundation for technology advancement. The GTECH project was a multi year
effort aimed to increase student achievement in science and mathematics through the use
of hands-on activities, chiefly, computers and computer software. There has been a sharp
increase in the amount of money being spent on technology for instructional purposes
(James, Lamb, Bailey, and Householder, 2000). In 1995 roughly 5.8 million computers
were used for instructional purposes. Three years later only eight states increased their
designation of funds for educational technology, bringing the total up to 1. 7 billion
dollars. Even though these figures are staggering, it has been found that many teachers
do not use their computers for much more than glorified typewriters, grade books and
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games even though it has been shown that purposeful use of computers in classroom
instruction can improve student achievement. This study sought to give teachers
instruction on how to effectively utilize technology in the classroom, coupled with
integrated instruction, to help improve understanding in the content areas, increase
problem solving capabilities, enhance creative thinking skills, and improve attitudes
towards math, science and technology.
The study created groups of teachers: one math, one science, one technology, and
one administrator, into teams from nine schools in east-central and southern parts of
Texas. The teams worked together to develop different approaches to meet the needs of
their students and the objectives set forth by their schools, with the only requirement
being that they integrate instructional technology and content (James et al). Participating
classrooms provided an active learning environment, including hypermedia, computer
software, interactive videodisk, CD-ROM, print media, telecommunications,
manipulatives, and graphing calculators. Students were encouraged to use these different
forms of hands-on activities in small groups and individuals.
Because many teachers were not trained on computers, for some it was
completely new, the participating teachers were provided with consultants with special
expertise when it was needed. Teachers soon went from only being able to tum the
computer on, to utilizing computer and telecommunications on a weekly basis in their
classrooms. One particular school took a slightly different approach by training their
students to train each other on a certain piece of software and then eventually instruct the
teachers. This way of doing things was successful and teachers saw a growth in student
problem solving, teamwork, technical expertise, and creativity (James et al).
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Over 40 teachers took part in the GTECH workshops, with each teacher having
about 100 students, making a grand total of about 4,000 students being affected in the
first year and 8,000 over the first two years. The program was successful in promoting
growth in students and teachers alike. This study showed strong indications that when
students,_ and even teachers, were presented with hands-on instruction their absorption of
the information is increased (James et al).

The Assessment of Project-Based Activities
An excellent example of a project-based curriculum is the across-curriculum task
of chemistry and ceramic pots. In this article it was demonstrated that art meets science
in a multitude of ways, " ... Students cover the history of earthenware pottery,
fundamentals of working with clay, description of the chemistry of glazes, instructions
for making glaze, and laboratory questions" (Sicuranza, 2001, p.1 ). Even the thought of
linking science to a professional skill such as the manufacture and engineering of clay
pottery makes some educational leaders uneasy.
The integration and implementation of project/performance-based curriculum
need not start in the latter years of formal education. This can be exemplified in the case
of a fourth-grade teacher who discovered the rich rewards of implementing a unit on the
Middle Ages. "Students created a medieval fair that demonstrated their learning in
medieval history (social studies), pulleys and gears (science and technology), story telling
(language arts) and costume and dance (fine arts)" (Drake, 2001, p.1). The involvement
in such an activity for a student could absolutely last a lifetime.
A study covered in depth talks about the need to develop a science cuniculum to
help students learn the different sciences in an order that makes logical sense to students'
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learning needs and styles. Traditionally schools have taught science in order of biology,
chemistry, and then physics. There have been several reasons for this, one of which is
because it is in alphabetical order. Others argued that because physics is so math
intensive that it is best for it to be a senior class (Nyckel, 2000). This study set out to
create a curriculum and take a closer look at the teaching order of the different sciences.
The study, called American Renaissance in Science education (ARISE), included money
for six schools to participate. The teachers received training in the form of summer
workshops, classroom equipment, guest experts, and the opportunity to attend national
conferences.
The curriculum that was developed was designed to motivate students, contain
real and practical content and activities, and stimulate problem solving. To carry out
such a task different brain research was taken in to consideration. Multiple intelligences,
constructivist activities, and engaged learning were the main learning styles addressed.
The ARISE study looked at the traditional approach of how science is to be taught and
then decided to stray from the norm and added new guidelines. Projects and activities
were given a time frame in which to accomplish the tasks, instead of all of the students
doing the same lab at the same time. Lab activities had to then be revamped as well to
continue on with the same strategy. They were designed to make students feel as if they
were actually part of the research or investigation. Students were given real problems to
solve instead of arbitrary problems that have no interests for the students (Nyckel, 2000).
Hands-on activities and projects also help in the realm of assessment. Students
gain a view of the bigger picture and how things correlate with one another and not just
separate entities without any connections at all. An example of this would be to have
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students build an aquatic and terrestrial mini-ecosystem in a 2 L pop bottle. The study of
the water cycle, evaporation, condensation, and equilibrium could all be taught and tested
from this hands-on project. It not only saves the teacher valuable planning time for the
next lesson by not having to grade one-hundred tests, but more importantly it gives
students a realistic and working model of what they are learning (Nyckel, 2000).
The causes of these alarming statistics were the basis for a study called Science
Yes!, where researchers began looking into the lack of enthusiasm in students when it
came to the discipline of science and particularly in female students (Friedman, 1999).
Female students often times receive less of the teacher's time and efforts, parents do not
give much support, and outdated curricula is often the means used to teach science. The
study was done in 2000 and developed at Kingsborough Community College of the City
University ofNew York. The main goal was to reform science by making it "hands on,
minds on, and free of gender bias" (Friedman, 1999, p. 7). Fifty-six teachers from
several neighboring districts ranging in grades from pre-kindergarten through twelfth
grade took part in the study, which also included workshops for parents and
administration.
The Science Yes! Study had a list often objectives that participating schools
would provide for, many of which involved implementing hands-on activities when
teaching science. Friedman (1999) stated the goals as the following:
•

Hands-on, interactive exploration or science materials,

•

Students working individually and in small groups to explore materials
and engage in problem solving,
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•

The use of technology to explore scientific principles and to collect,
manipulate, and interpret data,

•

Use more oflaboratory than lecture,

•

The use of supplementary materials and more than one text. (p.269)

A more constructivist approach to teaching science was promoted because it
meant students listened to fewer lectures and became active scientists themselves, which
helped increase their understanding of the material. To help teachers feel comfortable
teaching their students in this manner, because many had never used these strategies
before, they were given several workshops in which they themselves were expected to
work individually and in cooperative groups with hands-on activities. An example of this
was shown when teachers were required to create a bottle biology project where they had
to create an ecosystem. This type of hands-on activity caused an increase in creative
thinking as well as renewed or newly found interest in science and that's amongst science
teachers:
Today my group and I made our ecosystem. I really enjoyed building it. We
worked cooperatively; everyone had a job. After completing our system, we
discussed, with the class, our ecosystem. We realized that we should have
controlled many more variables. When you're doing an experiment you forget all
about the variables. I know that I get excited and my mind goes blank. I think the
kids would really enjoy doing this experiment. I think they are very capable of
critiquing each other's work. (Friedman, 1999, p.271)
Two years after the project ended teachers in two of the participating districts
were interviewed to see if they were still implementing any of the strategies they had
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learned from their experience in the Science Yes! Program. Seventy-four percent ofthe
teachers from both districts combined stated they still used hands-on activities, 21 % used
it somewhat, and 5% said they had stopped using it. The numbers for cooperative
learning were almost exactly identical, with the exception of not having anyone stop

using it completely. On an overall .summation of the project, 63% of all the teachers
involved found that all children are more excited, involved, motivated, and interested in
science. Additional findings stated that 30% of the teachers felt they were better science
teachers, more interested, and loved teaching science (Friedman, 1999). Those are huge
increases in both categories, with both numbers representing the use or increase of hands
on activities. But for this to become the norm in teaching science in schools across the
United States there needs to be more support for training the teachers over a longer
period of time. The traditional ideas that many teachers still live by, need to fall by the
wayside and be replaced with constructivist practices, which would include hands-on
experiences, inquiry-based learning, and cooperative grouping. The emphasis of this
notion is one of the core components to this study and is just becoming realized to many
teachers and administrators alike. The evidence shows that it is so much more successful
than the traditional lecture and bookwork. Not to say that there is not a place for that, but
in today's job market and today's learners, it is critical that students be taught in ways
they will have the best chance of success (Friedman, 1999).

Limitations ofHands-On Learning
What is the best way to teach science to students? This is the question that people
have been asking forever. According to Morse, physics master at St. Albans School in
Washington, D.C.,
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The public is constantly searching for an educational panacea once and forever,
but a lot of snake oil has been offered in guise of learning theory. Behavioral objectives,
left-brain/right-brain differences, hands-on learning, the theory of multiple intelligences all have been turned into mantras without their full, complex meaning. Consequently,
tear.hers have become skeptical oflearning theory Experienced teachers look .at these.
concepts and think, This too shall pass (Haury & Rillero, 1994, p.2).
Teachers need to not rely on just one strategy, but instead, have several different
strategies from which to pull from. Research has shown that while inquiry is effective, it
is not the only way students can learn material. A lecture is also an effective tool to
entertain motivate, and even excite students. "Learning is so complex and has so many
dimensions that multiple techniques and approaches can have validity. Inquiry is good,
lecture is bad is as meaningful as screwdriver is good, hammer is bad," says Eisenkraft, a
physics teacher in Bedford County, New York public schools (Haury & Rillero, 1994,

p.26).
Though hands-on science curriculum has been proven to be an effective means in
which to teach science, there are those who believe it is not the only way and that there
needs to be some way of accurately assessing what students have learned. "As classroom
teachers, we can praise hands-on experiential science, but until we can demonstrate that
students are learning significantly more of the fundamental thinking skills of science, we
cannot say that they have truly achieved science literacy" (Tetenbaum as cited in Haury
& Rillero, 1994, p.l). In schools today, the most common way of collecting information
on student learning is the classic written, or paper and pencil test (Haury & Rillero,
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1994). But this antiquated form of assessment alone may not accurately assess what
students have been learning.
The desirability of using a range of techniques is based on an assumption that
much of the knowledge acquired in a hands-on and minds-on science program is
tacit and as not been verbaliied. Accordingly, although students can apply certain
lmowledge when they do science, they cannot necessarily reproduce that
knowledge in verbal form on a pencil and paper test or in a discussion with the
teacher. (Tobin as cited in Haury & Rillero, 1994, p.2)
There need to be several different ways to collect the necessary information,
which may include traditional paper and pencil tests, performance tests, or personal oral
interviews (Haury & Rillero, 1994).
The problem of assessment also constrains the spread of'hands-on' science. It is
relatively easy to test children's knowledge when they have been asked to
memorize lists of data from a text. It is much harder to design tests that measure
learning derived from direct experience ... The challenge before science
educators is to develop better means of measuring both factual knowledge and the
kinds of understanding students acquire through activities. When that task is
accomplished, a major roadblock to science achievement will have been removed.
(Bennett as cited in Welsh, 2000, p. l)
Assessment needs to be both on target and practical. For an assessment to be
considered on-target it needs to be clear, complete, and compelling. Students need to
have a clear understanding what is being asked of them if they have any hopes in meeting
the desired outcomes set forth by the teacher. One way to achieve this is to keep
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assessment as well organized as possible. There needs to be a natural progression from
weak to strong or from beginning to mastery. This will help students track with the
material in a logical sequence (Stiggins, 2001). For assessment to be considered practical
it needs to be useful. "Can people use the criteria easily? Do the criteria have clear
implications for instruction? Can students use them to self-assess?" (Stiggins, 2001,
p.300). Students' strengths and weaknesses need to be identified on a complex skill. The
assessment needs to be very precise to accurately measure what the teacher intends it to
measure. With these steps in place, assessment can be used as another learning
opportunity, one where students can show that they have mastered a schema and can
apply that information in different settings.
Summary

The uses of project-based activities, cited in this literature review, have not only
increased student interest in learning, but are also providing them skills and knowledge
that will provide them with more than a few possibilities when they leave school.
Programs like GTECH and ARISE are only a few programs being implemented across
the country that are working to increase student comprehension and are great examples of
the importance of project-based/hands-on learning.
Project-based activities are characterized as having students work, often times
together, on a project that could take several days to complete. They consist of several
parts including a reflection piece, where students are asked to describe the process and
the significance. Project-based assessment can be characterized as having the
implementation of rubrics and/or the construction of an object.

(

Chapter Three
Purpose of the Project
Introduction

The need for project-based curriculum can be exemplified by the 1939 classic
Saber-Tooth Curriculum. This is a story in which the earliest educational spokesman,

according to Peddiwell (1939), was a man named New Fist. To paraphrase the story:
One day, while watching the children play, New Fist pondered how he could get them to
do things that would gain them more and better food, shelter, clothing and security.
Despite early opposition, many people accepted New Fist's curriculum and the tribe grew
increasingly prosperous and secure.
Many generations later, the community found that conditions changed and the
past curriculum was no longer working. The thinkers of the tribe, all descendants ofNew
Fist, found a new and better way to teach the children. Some thoughtful people
wondered why these new activities couldn't be taught in schools. But the elders who
controlled the schools claimed that the new skills did not qualify as education- they were
merely a matter of training. Besides, the present curriculum was too full of the standard
cultural subjects because the elders believed the essence of true education is timelessness
(Pediwell, 1939).
Just as the saber-tooth curriculum failed to adjust for a changing world then, our
current science curriculum is failing to adjust now. "Individual inventiveness is essential
to technological innovation. Nonetheless, social and economic forces strongly influence
what technologies will be undertaken, paid attention to, invested in, and used"
(Rutherford and Ahlgren, 1990, p.30).
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Personal Experiences
When the author first started teaching it became very apparent that students, while
able to process and memorize rote material, were not able to problem solve information
not contained within the text. A great example of this is of a student who was at the top
of her junior class in the author's high school. This particular student had a 4.0 grade
point average and was considered to be one of the most capable students to cross the
threshold of the school. Her goal in life was to become an astronaut and she concentrated
in taking classes in school to prepare her for that field of work. During one of her
assignments, where students were flattening pennies in a large press, she decided she
wanted to wear her penny as a pendant around her neck. Not knowing exactly where to
begin such a venture she contacted the author for ideas. Even with all of her "book
smarts" and great study skills, she did how to make a small hole in the now flattened
penny. The author, taken a little aback at the seemingly simple solution, suggested using
a drill for this task. This very intelligent girl, with a perfect grade point average, had
never used a drill before, and further did not know that it could be used to make a hole in
metal. The author gave her the needed supplies and she set about making a nice hole in
the penny. She commented that this was the kind of information she needed someone to
teach her. The author made it a mission to use hands-on activities in all classes, where
students would be able to problem solve using a variety of tools.
The author had the opportunity to participate in the United States Marine Corps'
Educator Workshop in San Diego, CA During this 5-day experience, he was bombarded
with hundreds of examples as to the pace our military needs to perform. The young men
and women that he prepares for real-world experiences are not only headed to colleges
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and universities, but are also going straight into the workforce. Today's students may
soon be found flying or fixing an F A-18 Alpha on a makeshift runway in Saudi Arabia.
What needs to be done in terms of science education is give the students an opportunity
to perform, improvise, overcome and adapt. Educators have beaten the knowledge level
of Bloom's Tairnnomy to death and i.t is now time to see the application. Students can
and will surprise us on the production level if we will only give them the chance.
Currently the author's own district, accompanied by state grants, has awarded two
of his colleagues with the opportunity to explore freshwater streams in the area. This has
and will continue to be a tremendous experience for the students in the participating
biology courses as well as the instructors involved. The knowledge accumulated will be
passed on for decades in terms of data collection, effects of contaminants, and an overall
appreciation of the ecosystem. To implement the project, the community had to
demonstrate a need and the school bent to fulfill it.
The author's beliefs are shaped by life experiences as well as the experiences of
peers. According to Charles Rishor, a chemistry teacher and science department
chairman at Eisenhower High School, "Education is the sum total of all of a student's
experiences". He truly believes that what does not kill you makes you stronger.
Methods
When investigating the topic of Project/Performance Based Curriculum, many
different titles come to mind; titles like School to Work, Vocational Curriculum, and
High School Electives. These are usually the only areas in present curriculum that
warrant a student to build a project, perform a task or demonstrate a proficiency that
would be of real-world quality. What this project proposes is that all science classrooms
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give students the facility and purpose to produce real world, three-dimensional objects or
performances that employ scientific principles.
The assessment for any of the previously mentioned activities could simply be
done with a rubric. A well-written rubric is priceless in terms of educational assessment.
The author reflects back to the B.R. (Before Rubric) period of his educational career and
has to smile. It was not long ago that he would ask students to perform a task or build a
machine and then banter about the point value of what they presented. The development
and use of his first rubric was a fairly magical experience. The students were clear on the
expectations presented in the projects and the assessment that followed. As with any
good assessment, there must be a clear target and goal. A rubric simply allows the
students and me to share what those goals might be.

Summary
The author has always been and always will be a proponent of hands-on learning.
Not only does this type oflearning work for him, but also he has noticed the vast majority
of his students retain information best when actively involved. At the conclusion of each
trimester, the author has the students brainstorm material that should definitely be part of
a cumulative assessment. Every trimester without fail, the students will remember labs
and projects to amazing detail as well as the scientific principles that accompany them.
This curriculum provides a link for hands-on scientific learning with real-world
applications. It is this type of learning that will cause retention of scientific knowledge
and allow students to perform on the higher levels of Bloom's Taxonomy.

Chapter4
The Project
Overview
The following project will be useful in a variety of high school science classes. It
is designed to integrate a wide variety of disciplines with hands-on projects. The thirteen
different projects and two laboratory assessments that are presented require that students
apply scientific principles to real-world situations. This approach to teaching and
assessing is supported by literature as a positive learning tool.
The projects are variations on what are considered timeless classics. The author
adapts them for use in his classroom and each is unique in the assessment, design sheets
and lesson plans that accompany them. The author would like to credit educational peers
that have contributed ideas both small and large to the development of this hands-on
curriculum. Eisenhower High School (Yakima, WA) science staff past and present
including Chuck Rishor, Loren Lund, Marc Hanna, Dave Bush and Morgan Middle
School (Ellensburg, WA) shop teacher John Graf all have been instrumental in support
and ideas for this curriculum project.
The project presents an assessment rubric for each three-dimensional object that
students build along with a design sheet to brainstorm possible schematics. Lesson plans
are also given with Essential Academic Leaming Requirements listed as well as
anticipatory sets, advice on material gathering and closure (Washington State
Commission on Student Leaming, 2002).
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This project requires that students not only complete specific tasks according to
specific parameters, but also demonstrate tremendous adaptability and improvisation
skills in gathering materials and making a deadline.
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Name: - - - -- - Period: - - - -

C

Mission: You are required to build or adapt a remote controlled toy for competition
against battle bots according to the following parameters:
•
•

•
•

C

•

Your battle bot cannot have a total mass of more than 4 kg.
Your battle bot must have an additional servo and apparatus added to it for the
sole purpose of offensive maneuvers (i.e. - A hammer, a drill or a lever designed
for stopping another machine from competing any further).
The additional feature must have the ability to be controlled (simply on and off is
sufficient) from a remote location.
The machine must have the durability to compete in an arena type setting for the
time of 1 minute.
Note- All competitors will be placed in the arena at the same time. The last bot
that is mobile will be declared the winner and the owner/operator will receive a
point bonus of 5%

This mission will be assessed with the following rubric:
Points
Offensive
Tool

Mass

Durability

Remote
Controlling

(_

obviously added.
The battle bot has a
total mass of more than
4kg.
The battle bot cannot
perform without failure
for more than a period
of 30 seconds.
The battle bot or
offensive tool cannot be
controlled from a
remote location.

Total: - - - - - - - / 80

20Offensive tool is present
and obviously added.

16

12
Offensive tool is not
present, or is not

-

The battle bot can
perform for more than
30 seconds, but less
than 1 minute.
The battle bot can be
controlled remotely,
but not the offensive
tool.

The battle bot has a
total mass \ess than or
equal to 4 kg.
The battle bot can
perform for at least 1
minute.
The battle bot and the
offensive tool can be
controlled (a simple on
and off) remotely.

(Last survivor, add an additional 5 %)
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Name: - - - - - - - Period: - - -

My Battle Bot Design

Remember to include the following iu your design:
• A working battle bot that was adapted from some remote controlled device.
• At least one added feature controlled by a se1-vo designed to impa1·t damage
on a competing robot.
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Battle Bot Lesson Plans
Lesson Plans
OBJECTIVES- Students will be able to create or adapt a remote controlled vehicle for
friendly peer competition.

EALRS- EALR 3; The student understands the J\!at11re and Contexts of science and
technology. Investigating the scientific, mathematical and technological knowledge,
training and experience needed for occupational/career areas of interest.

ANTICIPATORY SET- Demonstrate what is meant by a competing battle bot. Show a
video clip of robots competing. Show a working remote controlled vehicle and
demonstrate how an additional servo can be added for an offensive tool.

CONTENT- The student will construct a remote controlled vehicle that is mobile, selfpropelled, and has a remote controlled offensive tool according to the rubric. The
offensive tool must be able to be controlled from a remote location and a simple on and
off will be acceptable.

MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to gather all of the simpler items from scrounged materials around their home.
If they are unable to find them, they may rummage through various discarded remote
controlled toys as long as it is well ahead of the time that the project is due.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own projects, show examples of creations
that have already been made and have the students grade them with the aid of the rubric.
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NAME- - - - - - - Period: -

C

--

Mission- You are required to construct a three dimensional edible model of an
animal cell within the following parameters.
•

C

•
•

The cell model will contain the following 15 parts: Flagellum,
Mitochondrion, Microfilaments, Lysosome, Golgi Apparatus, Nucleus,
Nuclear pore, Nuclear envelope, Nucleolus, Chromatin, Ribosomes, Cell
membrane, Microtubules, Rough endoplasmic reticulum, and Smooth
endoplasmic reticulum. (page 76 of your text)
The entire model will be edible.
All 15 parts must be clearly labeled and identifiable.
NONE (0)

ALL PARTS OF
THE ANIMAL
CELL
DEMONSTRATED
EDIBLE BY 99.9%
OF AMERICANS

LESS THAN7
PARTS ARE
LABELED OR
DEM ONSTRATED

NEATNESS

ALL PARTS BLEND
TOGETHER WIIB
CONFUSION

-

PARTIAL(S)

4 OR MORE IBINGS
ARE NOT EDIBLE

-

ALL (10)

ONLY 7- 14 CELL
PARTS ARE
LABELLED OR
DEMONS'I'RATED

ALL 15 PARTS ARE
LABELLED AND
IDENTIFIED

NOMOREmAN3
THINGS ARE NOT
EDffiLE

ALL PARTS&
ENTIRE CELL
EDffiLE

ONLY HALF OF
THE CELL PARTS
ARE IDENTIFIED

ALL PARTS
NEATLY LABLED &
NO CONFUSION ON
LABEL LOCATION

--

(_
PS

Cell Project
Lesson Plans
OBJECTIVES- Students will be introduced to an animal cell. They will be asked to
represent an animal cell using various food items to retain what the parts are and their
locations.

EALRS- EALR 1: 1.1.1- Student uses properties to characterize and categorize living
things. The student understands the Nature and Contexts of science and technology.
Investigating the scientific, mathematical and technological knowledge, training and
experience needed for occupational/career areas of interest.

ANTICIPATORY SET- View various cells under a dissection and monocular
microscope while pointing out all of the parts. Have the students brainstorm what all of
the parts may look like if magnified to a larger scale and brainstorm which foods could
represent them.

CONTENT- The students will represent all of the various parts of the cell in a large scale
representation.

MATERIALS- During the building stage, they are asked to gather all of the simpler
items from scrounged materials around their home.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own projects, show examples of creations
that have already been made and have the students grade them with the aid of the rubric.

P6

Name: - - -- - --

C

- ---

Period: - -- -

Directions- Chemistry is present in all facets of everyday life. It is demonstrated in the clothes that
we wear, cars that we drive and the food that we eat. Your mission is to demonstrate the chemhtry
involved in cooking according to the following rubric:
None (0)

Partial (5)

AJI (10)

There is no science theme
present in the project.

At least 50 % of the project
is in a science theme. (I.E.Adeeorated cake.)

The recipe is not original
or is not typed or
displayed.

The recipe is only slightly
original or displayed but not
typed

The recipe is almost
entirely original and is
typed and displayed.

The chemistry involved in
the cooking is not
ex'))lained or displayed.

The chemistry is poorly
explained or not typed and
displayed.

The chemistry is
thoroughly explained,
typed and displayed next
to the project.

The food would probably
only be eaten at elk camp.

Just like Martlm Stewart
would make.

Good Reaction

The food would not be
eaten by any member of
the order Rodentia.

Animate or
Creative

There is no effort to
attract attention to your
cooking project.

The project would be passed
upat a culinary convention.

The project is animate
(I.E.-moves or is
displayed in an eye
catching or original
manner.)

Science Theme

Original recipe
(Typed and
displayed)

C
Chemistry
Explained

Total:

(
P7

Entire cooking project is
in a science theme.

Chemistry of Cooking
Lesson Plans
OBJECTIVES- Students will be introduced to the chemistry involved in cooking. They
will cook a unique recipe and then present it in a scientific manner.

EALRS- EALR 3: The student understands the Nature and Contexts of science and
technology. Investigating the scientific, mathematical and technological knowledge,
training and experience needed for occupational/career areas of interest. 3 .3 .2- Students
know that science is a human endeavor that is interrelated to society and the workplace.

ANTICIPATORY SET- Demonstrate the chemistry involved in cooking. Have the
students look at a piece of bread under a microscope paying special attention to the
pockets of gas (carbon dioxide) that made the bread rise and eventually cook to be light
and fluffy. Discuss various chemical changes in cooking meat or any other food.

CONTENT- The student will be able to identify the measuring, physical and chemical
changes involved in everyday cooking.

MATERIALS- During the cooking stage, they are asked to gather all of the items from
scrounged foods around their home.

ASSESSMENT- See attached rubric.

CLOSURE- After they have cooked their own projects, the students will present them in
a professional manner. Show video taped examples of previous creations from years past
and have the students grade them with the aid of the rubric.
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Name: - - -- - - Period: - - - -

C

Mission: You are required to protect a common and fresh chicken egg from breaking
after a drop from 20 feet onto a hard surface according to the following parameters.
•

•
•

You may use only 1 meter of common % inch wide masking tape and 3 sheets of
8 1h by 11-inch printer paper that will be governed by a teacher directed weigh-in
of your project.
The egg must be dropped from an accepted teacher directed height and must land
within a 3-foot radius of a target without breaking any part of the shell.
A bonus will be given for protected eggs that land within a I -foot radius of the
target center.

This mission will be assessed with the following rubric:
Points

12

20

16
--

Protection

Accuracy

Total:

The egg was
completely cracked.
Little or no
protection was
2iven.
The egg and all of
the parts of the
protector landed
outside of a 3-foot
radius.

-

-

-

There is a very small
crack in the shell of
the egg. No white or
yolk is seen.

The egg suffered no
visual damage, you
made Mork happy.

The egg or the
protector was inside
of the 3-foot radius.

Both the egg and all
parts of the protector
are clearly within the
3-foot radius.

/ 40 (A protected egg within a 1-foot diameter of

target center or if you get the Mork joke, multiply by 1.125)
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Name: - - - - - - - Period: - - -

C

My Egg Protector

Remember to include the following in your design:
• A working egg protection program that is .made only of 1 meter of tape and 3
sheets of common 8 Yi by 11-inch printer paper that will protect a normal
sized fresh chicken egg from cracking after being dropped from 20 feet onto
a hard surface.
• The egg will land within a 3 foot radius with a bonus allotment for a
protected egg that is touching a 1 foot radius.

(
PIO

Egg Drop
Lesson Plans
OBJECTIVES- Students will be introduced to the concept of an egg protection method.
They will be given 1 meter of masking tape and 3 sheets of 8 Yz by 11-inch printer paper
and be asked to construct a method for "saving" a normal and fresh chicken egg from
impact after being dropped from a height of about 20 feet onto a solid surface (blacktop,
gym floor, concrete, or etc.). They will design and implement a system that protects the
egg but also allows the egg to land on a target. Due to facility concerns, the smdents are
asked to keep from designing egg protection methods that loft the eggs for some distance
(paper airplanes, etc.). The projects are kept to a finite distance by supplying a plastic
(visquene) target that allows for easy clean up.

EALRS- EALR 3.1.2 & 3.1.3 Evolution of Scientific Ideas & Dealing with
Inconsistencies. Know why science involves testing, revising, and occasionally
discarding theories, how inquiry and investigations lead to better understanding of the
natural world. The students will be comparing and contrasting divergent results. Why
will one egg protection method work while another will not?

ANTICIPATORY SET- The facilitator will want to casually mention different
techniques that may allow them to be successful. Do not steer the students to a
convergent method of protecting the egg. Purposefully promote radical thinking. The
majority of successful egg protectors have been a type of parachute or wind capturing
device that slows gravitational acceleration, but many have used a shock absorbing
method also.
CONTENT- The students will create a egg protection method that will demonstrate their
knowledge of terminal velocity and force opposing techniques.
MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to only use the tape and 3 sheets of paper with no other materials. They are
also required to build their device in class with the ability to put the egg in it only after
the class is at the drop site and the students are ready to demonstrate. Giving eggs early
will only cause an increase in turmoil and heartache. Eggs will no doubt be broken in
class or on the way to the drop site.
ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own machines, show examples of machines
that have already been made and have the students grade them with the aid of the rubric.
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Name: - - - - - - Period: - - - -

(

Mission·. You are required to build a paper bridge to support a cinder block within the
following parameters.

•
•
•

The bridge must be made entirely out of standard printer paper and Eimers©
Glue. You may use a maximum of 20 sheets of paper and 1 film canister of glue.
The bridge must allow for a standard sized softball to pass through the side of it.
The bridge must support the weight of a standard 4 x 8 x 16 inch hollow cinder
block for the count of 10 seconds.

This mission will be assessed with the following rubric:

C

Points
Materials

12 - -.- - The bridge is
overweight or contains
additional materials.

Durability

The bridge does not
support the weight of
the cinder block for a
count of ten seconds.
There is insufficient
room for a baseball to
pass through the side of
the bridge.

Accessibility

Total: - - - - - - - / 60

--- --:rtr- ~ ~ -

16

The standard softball
does not pass through
the broad side of the
bridge, but a baseball
will.

The bridge is made
entirely out of paper
and glue and is of the
correct mass.
The bridge does support
the weight of the cinder
block for a minimum of
ten seconds.
The bridge is designed
and built for the passage
of a standard softball
through the broad side.

(For supporting additional blocks, multiply by

total score 1. # of blocks)

(
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Name: - - - - - - - Period: - - -

My Paper Bridge Design

Remember to include the following in your design:
• A bridge made entirely out of paper and Elmer's Glue.
• The bridge must allow for standard size high school regulation softball to
pass through the side of it.
• You may not use more than 20 sheets of standard printer paper and one film
canister of Elmer's glue. (Projects are governed by mass)
• It must support the weight of 1 cinder block.
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Paper Bridge
Lesson Plans
OBJECTIVES- Students will be introduced to building with alternative materials. They
will construct a bridge made entirely out of paper according to specific parameters.

EALRS- EALR 3: The student understands the Nature and Contexts of science and
technology. Investigating the scientific, mathematical and technological knowledge,
training and experience needed for occupational/career areas of interest.

ANTICIPATORY SET-Demonstrate items made of cardboard and illustrate the
strength in the design of cardboard. Discuss the practices of using paper stock to create
stronger products and the proper arrangement of paper for desired purposes.

CONTENT- The student will arrange standard printer paper in such a way as to design a
stronger product.

MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
will be given all of the necessary materials to be successful.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own projects, show examples of creations
that have already been made and have the students grade them with the aid of the rubric.
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Name: - - - - - - - ~
Period: - - - -

C

Mission: You are required to build a pasta tower that can support weight and stand
strong against wind shear.

•

•

•

C

It can be made of only commercially purchased pasta (any kind) and glue (any
kind). *Note the base may be made of cardboard, plywood etc. for ease of
carrying, but cannot be higher than % inch above ground level.
It must support a Hot Wheel© or Matchbox© toy car a minimum of 1 meter
above ground level.
It must stand strong (does not break to a height ofless than 1 meter) against an
oscillating household fan on low setting for a time of 1 minute loaded with said
toy.

This mission will be assessed with the following rubric:
Points
Height

16

5

There is no place to put the
car at a height of 1 meter.

Materials

The entire tower is not
constructed of
commercially purchased
pasta and glue. (Other
materials are used)
Durability The tower cannot support
the toy against wind shear
for a time of 30 seconds.

Total: ------- / 60

The tower can support
the toy against wind
shear for a time more
than 30 seconds but
less than 1 minute.

20

The car can be placed
atop the tower at a
hei2ht of 1 meter.
The entire tower is
com,tructed of
commercially
purchased pasta and
2lue.
The tower can support
the toy for a time of at
least 1 minute against
wind shear.

(For divine,originality , multiply by 1.1)

(_
PIS

Name: _ _ _ _ _ _ __
Period: - - -

My Pasta Tower Design

Remember the following while designing your project:
• A tower must be made completely out of manufactured pasta (any kind) and
glue (any kind).
• The tower must hold a Hot Wheel©/Matchbox© car at the height of onemeter.
• Supporting the toy, the towe1· must sustain the wind shear of an oscillating
household fan on low for a time of one minute.
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Pasta Tower
Lesson Plans
OBJECTIVES- Students will be asked to design and engineer a tower made entirely out
of commercially purchased pasta. The students will improvise, research, design and
construct various ways to bond the pasta to make a specific project.
EALRS- EALR 3: The student understands the Nature and Contexts of science and
technology, Investigating the sciimtific, mcitbematical and technological knowledge,
training and experience needed for occupational/career areas of interest. 2.2.2-The
student will apply science knowledge and skills to solve problems or meet challenges.

ANTICIPATORY SET-Demonstrate several different types of pasta and discuss the
physical properties of them. Discuss shapes and the relative strengths of all of the
different designs. Point out similarities between building architecture and pasta design
(I.E.- columns, purlins and beams).

CONTENT- The student will improvise and adapt a seemingly unrelated building
material in an effort to construct an engineering marvel. They will rely on design and
physics to accomplish the task of making the tower support against weight and wind
shear.

MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to gather all of the pasta and glue on their own.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own projects, show examples of creations
that have already been made and have the students grade them with the aid of the rubric.
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Mission: You are required to build a catapult (or trebuchet) that can launch a standard
ping pong ball within the following parameters.
•
•

It cannot have a total mass (without the ping pong ball) of more than 1kg.
It must launch the ball from ground level at least a horizontal distance of 3
meters. The distance may be averaged over three successful trials.
It must contain at least 3 simple machines that are in use. (i.e. - a screw being
turned, a lever being moved, a pulley changing the direction of a force, an object
moving on an inclined plane, a wheel and axle moving an object (or being used
as a capstan winch) and a wedge resulting in a perpendicular force to the one
being applied. Emphasis- Make sure that the simple machines are not only

•

•

decorative. They must be used in the process of triggering or launching the
ping pong ball.
It must be triggered with only one simple action. Once the catapult is set , the

•

actual launch will only require one movement. (i.e.- a pull of the string, a flip of
the catch)
It must be able to perform at least 3 times without fail.

This mission will be assessed with the following rubric:
Points

.

-

Displacement

Mass

Durability

Trigger

Machines

-

-

--

- - - --

0· Does not launch a
ping pong ball at
least 1 meter.
The catapult has a
total mass of more
than 1.5 k2.
The catapult can
only perform 1 time
and then fails.
The catapult needs
more than 2 steps to
trieeer.
The catapult has
only one simple
machine in use.
-

-

Total: ------- / 50

s

I0

Launches a ping pong ball
at least 1 meter,
But not 3 meters.
The catapult has a total
mass of less than 1.5 kg,
but more than 1 k2.
The catapult can perform
2 times before failure.

Launches a standard
ping pong ball at least
3 meters.
The catapult has a
total mass less than or
equal to 1 k2.
The catapult can
perform at least 3
times without fail.
The catapult is
triggered with only
one step.
The catapult has at
least three simple
machines in use.

The catapult needs 2 steps
to trigger.
The catapult has only two
simple machines in use.

(For divine originality, multiply by 1.1)
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Name:

-------Period: - - -

My Catapult Design

Remember to include the following in your design:
• A working catapult ( or trebuchet) that consists of at least 3 simple machines
that are not only decorative. The simple machines are as follows: A wheel
and axle, a lever, a wedge, an inclined plane, a sc1·ew or a pulley.
• The total mass cannot be mo1·e than 1 kg (without ping pong ball).
• It must launch the ball a horizontal distance of 3 meters.
Pl9

Ping Pong Catapult
Lesson Plans
OBJECTIVES- Students will be introduced to the concept of a catapult. They will
design and implement a catapult that launches a ping pong ball according to well defined
parameters.

EALRS- EALR 3 .1. 4 Evolution of Scientific Ideas. Know why science involves testing,
revising, and occasionally discarding theories, how inquiry and investigations lead to
better understanding of the natural world. 1.3 .1 Nature of Forces by identifying various
forces and their relative magnitudes and how these forces in turn cause motion.

ANTICIPATORY SET- Demonstrate or sketch several types of catapults and
trebuchets. Make sure that students know the difference between a catapult and
trebuchet. Show the launch of some simple items from a small catapult while defining
terms like potential energy and kinetic energy. Make sure to point out all of the simple
machines that are present.

CONTENT- The students will create a machine that will demonstrate their knowledge of
potential and kinetic energy in the way of a catapult or trebuchet.

MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to gather all of the parts from scrounged materials around their home. If they
are unable to find them, they may rummage through my junk drawer as long as it is well
ahead of the time that the project is due.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own catapults or trebuchets, show more
examples of ones that have already been made and have the students grade them with the
aid of the rubric.
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Name: - - - - - -- Period: - - - -

C

Mission: You are required to build a Putt-Putt or a Pop-Pop boat within the following
parameters.
•

•

•

C

•
•

The boat must be constructed or adapted from some household waste item. (1.E.a tin can, pop can, sardine can etc.). The boat cannot be adapted from a
commercially made toy vessel.
It must be powered exclusively by steam either using the Putt-Putt (diaphragm
method) or the Pop-Pop (tubing coil method).
The boat must demonstrate locomotion by displacing itself a distance of 30 cm
starting from a dead stop.
It must have the option of operating on both wax and olive oil.
The captain (you) must be able to mathematically demonstrate which fuel is more
efficient per unit of mass.

This mission will be assessed with the following rubric:
Points
Displacement

0
Does not displace a
minimum of 10 cm.

Fuels

The vessel does not have
the option of running on
both wax and olive oiJ.

The vessel does demonstrate
the option of running on both
wax and olive oil.

Steam Power

The vessel is not
exclusively powered by
steam.
The main hull of the
vessel is not made of a
household waste item.

The vessel is exclusively
powered by steam.

Waste
Materials

5
Displacement is greater
than 10 cm but less than
30cm.

The main hull of the vessel is
made of a household waste
item.

-

Wax Efficiency (5 pts.)
(Seconds of operation per warn of fuel)

(

Total: ------- / 50

10
Displacement is a minimum
of 30 cm from a dead stop.

- - - --

Olive Oil Efficiency (5 pts.)
(Seconds of operation per ~am of fuel

(For divine originality, multiply by 1.1)
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Name: - -- - - - - Period: - - -

C

My Putt Putt Boat Design

Remember to keep the following in mind while designing you vessel:
• Your vessel must be a working steam powered putt-putt or pop-pop boat
with the main part of the hull constructed from a household waste item (tin
can, pop can, sardine can etc.).
• The boat must show positive motion of at least 30 cm starting from a dead
stop.
• The boat must have the ability to operate on either wax or olive oil.
• The captain (you) must be able to mathematically demonstrate which fuel
source is more efficient per unit of mass.
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Putt Putt Boat
Lesson Plans
OBJECTIVES- Students will be introduced to the concept of a putt putt or a pop pop
boat. They will design and implement a watertight vehicle that uses various gas laws to
cause motion. The students will use a variety of fuels and compare the length of burning
time with identical masses of different fuels.

EALRS- EALR 3 .1.4 Evolution of Scientific Ideas. Know why science involves testing,
revising, and occasionally discarding theories, how inquiry and investigations lead to
better understanding of the natural world. 2.2.2 Designing and Testing Alternative
Solutions to a problem. Using various fuels to cause motion and the possible
transportation of people and objects.

ANTICIPATORY SET- Discuss a brief history of the putt putt and the pop pop boat

(included).
How it works:

C

The putt-putt boat is a very simple
version of a water impulse engine,
which was originaHy patented by
Thomas Piot in 1891 . When you heat
the coil, the water in it quickly
vaporises into steam. The expansion
of steam in the tight space of the
copper tube forces water out the back
of the boat and it is this jet of water
that pushes the boat forward. The
steam that has been forced out of the
hot coil into the cofd pipe now cools
and turns back into water. This
creates a partial vacuum that sucks
water back up the tube into the coil.
This fresh water quickly vaporises to
repeat the process. It is this cycle of
water vaporising, pushing out water,
the steam then condensing and
sucking fresh water back in that
causes the gentle putt-putt sound of
your engine.

Show professionally manufactured vessels and allow the students to experiment with
them. Discuss the various gas laws that are explained by the motion of them as well as
the thermodynamics of steam propulsion.
CONTENT- The students will create their own vessels that will demonstrate their
knowledge of steam power.
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MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to gather all of the parts from scrounged materials around their home. If they
are unable to find them, they may rummage through my junk drawer as long as it is well
ahead of the time that the project is due.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own vessels, show examples of boats that
have already been made and have the students grade them with the aid of the rubric.
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Name: - - -- - - Period: - - - -

C

Mission: You are required to construct a rubber band powered vehicle to transport a
brick within the following parameters.
•
•
•

The vehicle can only be powered by rubber bands (no limit on number or type of
rubber bands used).
The vehicle must support the weight of 1 standard clay brick
The vehicle must displace the brick a distance of 50 cm without losing contact
with the brick (No brick catapults).

This mission will be assessed with the following rubric:
Points

12

16

Displacement

The vehicle does not
move at least 20 cm.

The vehicle moves more
than 20 cm but not 50

Durability

The vehicle cannot
support the weight of
the brick.

The vehicle can support
the weight of the brick
but not while moving.

Power

The vehicle does not
move or is not
propelled entirely by
rubber bands.

The vehicle moves but is
not propelled
completely by rubber
bands.

20
The vehicle moves at
least 50 cm.

<:m.

Total: ------- / 60

The vehicle can
support the weight of
the brick while
moving.
The vehicle moves and
is propelled completely
by rubber bands.

(For tran~port of more than one brick, multiply

by 1.# of bricks)
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Name: - -- - - - Period: - - -

C

Rubber Band Payload Design

C

Remember to include the following in your design:
• A working vehicle that is driven only by rubber bands.
• The vehicle bas the purpose of bauJing one standard day brick a distance of
50 cm.

(_
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Rubber Band Payload
Lesson Plans
OBJECTIVES- Students will construct or adapt a vehicle powered exclusively by a
series of rubber bands to transport a brick.

EALRS- EALR3: The student understands the Nature and Contexts ofscience and
technology. Investigating the scientific, mathematical and technological knowledge,
training and experience needed for occupational/career areas of interest.

ANTICIPATORY SET- Demonstrate the potential energy contained in a stretched
rubber band. Demonstrate that this project simply asks the students to harness that
potential energy and the energy in several rubber bands to get a brick transported a finite
distance.

CONTENT- The student will construct or adapt a vehicle to continually harness the
energy contained in several strong rubber bands for the completion of a goal.

MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to gather all of the simpler items and rubber bands from scrounged materials
around their home. If they are unable to find them, they may rummage through my junk
drawer as long as it is well ahead of the time that the project is due.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own projects, show examples of creations
that have already been made and have the students grade them with the aid of the rubric.
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Name: - -- - - - Period: - - - -

C

Mission: You are required to build or adapt a vehicle that is powered only by a rubber
band according to the following parameters.
•
•
•

•

The vehicle may use as many rubber bands as necessary for movement.
The rubber bands are used in creating a torque that supplies motion. (I.E.- In no
way is the vehicle to be launched using a rubber band).
The vehicle must travel a minimum of two horizontal meters.
It must be able to perform at least 3 times without fail.

This mission will be assessed with the following rubric:
Points
Displacement

Durability

Total:

..., .

15

J{)

_ _'I

The vehicle was
built/adapted but did not
move at least 1 meter
each time.
The vehicle was
built/adapted but only
worked 1 time.

The vehicle moves,
but did not travel
at least 2 meters
each time.
The vehicle can
only perform 2
times and then
failed.

The vehicle travels
a minimum of 2
meters on all three
trials.
The vehicle can
perform at least 3
times without fail.

/ 50

(For divine originality, multiply by 1.1, if the
vehicle was launched in any way, multiply by zero)
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Name: - - - - - -Period: - - -

(

My Rubber Band Vehicle Design

Remember to include the following in your design:
•
•

A vehicle that is powered only by a rubber band that causes a torque or spin of at
least one axle.
A vehicle that will perform at least three times without fail and will travel at least
2 meters.
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Rubber Band Vehicle
Lesson Plans
OBJECTIVES- Students will be introduced to the concept of torque. They will
construct or adapt a vehicle exclusively powered by a rubber band. The rubber band
must supply a torque to the wheel in a manner that results in the motion of the vehicle.

EALRS- EALR 3: The student understands the Nature and Contexts of science and
technology. Investigating the scientific, mathematical and technological knowledge,
training and experience needed for occupational/career areas of interest.

ANTICIPATORY SET- Demonstrate various ways that a torque is supplied to move a
vehicle (I.E.- A remote controlled car, a car transmission or a model airplane propeller).

CONTENT- The student will adapt the vehicle to supply a torque that causes motion of
the vehicle. They will employ several different physics principles to produce a working
device.
MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given ( see attached). During the building stage, they
are asked to gather all of the simpler items from scrounged materials around their home.
If they are unable to find them, they may rummage through my junk drawer as long as it
is well ahead of the time that the project is due.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own projects, show examples of creations
that have already been made and have the students grade them with the aid of the rubric.
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Name: - -- - - - - Period: - - - -

C

Mission: You are required to build a vehicle or traveling device that will walk or move
down a 1h inch nylon rope a distance without fail and within the following parameters.
•
•
•
•

C

It cannot have a total mass of more than 1kg.
It must travel a minimum distance of 5 meters.
lt must operate on a remote power source (I.E.- batteries). Under no
circumstances will A. C. power be utilized.
Once placed on the rope and the demonstration begun, the vehicle must stay on
without interference.

This mission will be assessed with the following rubric:
Points

Displacement

Mass

Self Sufficiency

0
The vehicle does
not travel a
minimumo{3
meters along the
rope.
The device has a
total mass of more
than 1 k2.
The machine needs
constant assistance
during it's
demonstration.

Total: - - - - - - / 50

_____1_0
5
The vehicle travels a full
The vehicle travels a
5 meters suspended by
minimum of 3 meters,
but less than 5 metel"s.

The machine needed
no more than two
assists during it's 5
meter trial.

the rope.

The device has a total
mass less than or equal to
1 I<!!.
The machine needed no
assistance during the
entire trial.

(For divine originality, multiply by 1.1. For

anything A.C., multiply by -1)
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Name: - - - - - - - Period: - - -

My Tightrope_ Vehicle Design

Remember the following while designing:
• The working tightrope traveling device has to be powered by a self-contained
energy source (I.E. - A battery) No A.C. powered devices.
• The total mass cannot exceed 1kg.
• It must travel a minimum of 5 meters.
• Once begun, cannot be adjusted or balanced in any way.
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Tightrope Vehicle
Lesson Plans
OBJECTIVES- Students will be able to create or adapt a device that will show mobility
as well as balance. The object will consist often simple metallic (ferrous) items and then
weld the items together.

EALRS- EALR 3: The student understands the Nature and Contexts of science and
technology. Investigating the scientific, mathematical and technological knowledge,
training and experience needed for occupational/career areas of interest.

ANTICIPATORY SET- Demonstrate what is meant by the center of mass. Emphasize
not only the movement, but also the balancing of the device. In order for the students to
be successful they must employ a combination of various scientific principles.

CONTENT-The student will construct an object that is mobile, self-propelled and
balanced. The object must be propelled in such a way that the center of mass is close
enough to a rope that it can walk along the rope balanced and unassisted.

MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to gather all of the simpler items from scrounged materials around their home.
If they are unable to find them, they may rummage through my junk drawer as long as it
is well ahead of the time that the project is due.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own projects, show examples of creations
that have already been made and have the students grade them with the aid of the rubric.
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Name: _ _ _ _ __
Period: - - -

Machine

--Not Present
-

-

0 pts.

Lever
Pulley
Wheel and Axle
Incline Plane
Screw
Wedge

Present but not
being used to feed
or crack the walnut.

Present and being
used in the process
of feeding or
cracking the walnut.

5 pts.

10 ots_

--

--

-

---

Top Total: _ _ _ _ __ _ _
Criteria
1---- -Safety

Engineering

Durability

Directions

O points
- -1--

--

3 points

--

6 points

Slight Potential
Extremely
ofHarm,
Dangerous, No
warning signs
warning signs.
- _not complete.
Walnut is
Wal
nut
is
You made
walnut butter or barely edible or edible but you
walnut is not
barely cracked. have to work
hard to find all
cracked.
pieces or must
finish cracking
it bv hand.
Can
be used
Can only be
Can be used
repeatedly, but repeatedly, but
used once and
s more than takes more than
take
then falls apart.
10 seconds to
20 seconds to
reload .
relo ad.
Directions are
Directions are
No directions
attached, but
rly
written
are attached to
poo
are not very
the machine.
or are not
thorough._
attached.
First Aid Kit
shou Id be
handy.

- -

(

.

10 points
Extreme! y safe,
warnmg signs
placed where
needed.
Walnut is
perfectly
cracked, just
like Martha
Stewart would
want.

Can be used
over and over
without pause.

Directions are
attached and
very thorough.
-

Bottom Total: - - - - - - - - - Grand Total:- - - - - - - - P34

Name: - - - - - - Period: - - -

(

My Walnut Cracking Machine

Remember to include the following while designing:
• All six machines must be in use to crack the walnut.
• The six simple machines are :
Screw

Lever

Wedge

Inclined Plane
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Wheel & Axle
Pulley

Walnut Machine
Lesson Plans

OBJECTIVES- Students will be introduced to the concept of a compound machine.
They will design and implement a compound machine that performs the task of cracking
a walnut on their design handouts and construct a walnut machine on their own.

EALRS- EALR 3 .1. 4 Evolution of Scientific Ideas. Know why science involves testing,
revising, and occasionally discarding theories, how inquiry and investigations lead to
better understanding of the natural world.

ANTICIPATORY SET- Demonstrate several compound machines. Show the film
projector, the record player and lawn mower engine. Point out all of simple machines
that go into making the compound machine.

CONTENT- The students will create a machine that will demonstrate their knowledge of
all of the simple machines.

MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to gather all of the simple machines from scrounged materials around their
home. If they are unable to find them, they may rummage through my junk drawer as
long as it is well ahead of the time that the project is due.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own machines, show examples of machines
that have already been made and have the students grade them with the aid of the rubric.
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C

Mission: You are required to demonstrate a metallic bond via the process of welding and
according to the following parameters.
•

•
•

The welded project consists of ten everyday ferrous objects. ( I.E. - Ten bolts,
washers, nails, scrap iron or any other commonly seen object that can be
collected by a magnet).
The bonds are true, high heat metaJJic bonds such as arc-welds, gas-welds or
brazing. (No gluing, liquid solder or duct tape).
The welded creation serves a unique industrial purpose other than the original
intent of all the pieces.

This mission will be assessed with the following rubric:
-- -

-

-~

-

~

Ingredients The creation consists of
ten objects that are not
ferrous.

At least 5 of the 10
objects are ferrous.

20
All ten objects are
ferrous.

Bonding

None of the items are
bound by true, highheat metallic bonds.

5 of the items are
bound by true, highheat metaJlic bonds.

All 10 items are
bound by true, highheat metallic bonds.

Purpose

There is no purpose for
the creation other than
boat anchor or paper
wei~ht.

The industrial
purpose is vague.

The object has a
definite industrial
purpose.

Points

8

14

Total: ______ / 60 (For divine originality, multiply by 1.1)

(
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Name:

C

--------

Period:

My Welding Design

Remember to include the following in your blueprint:
• Ten everyday ferrous objects. (I.E.- Ten commonly found objects that can be
attracted by a magnet).
• A completed project that serves an industrial purpose. (LE.- The object is
some sort of tool or serves a purpose other than what the individual parts
were designed for).
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Welding Project
Lesson Plans
OBJECTIVES- Students will be introduced to the concept of a metallic bond. They will
design an object that will consist often simple metallic (ferrous) items and then weld the
items together.

EALRS- EA.LR 3: The student.understands the Nature and Conte)cts of science ,md
technology. Investigating the scientific, mathematical and technological knowledge,
training and experience needed for occupational/career areas of interest.

ANTICIPATORY SET- Demonstrate several welded projects and illustrate the
importance of high-energy metallic bonds in our everyday world. Show the welded
chairs, the welds on a car or truck and discuss the welds used in the construction of
homes and buildings.

CONTENT- The student will weld together an object consisting often small objects and
in the process demonstrates her/his knowledge of metallic bonds and the industrial
applications of science.

MATERIALS- During the design stage, the only necessary materials are those of the
pencil and the design sheet that is given (see attached). During the building stage, they
are asked to gather all of the simpler items from scrounged materials around their home.
If they are unable to find them, they may rummage through my junk drawer as long as it
is well ahead of the time that the project is due.

ASSESSMENT- See attached rubric.

CLOSURE- After they have designed their own projects, show examples of creations
that have already been made and have the students grade them with the aid of the rubric.
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Name: - - - -- - - Period:

C

Perform the following actions in the lab setting. Make sure that any discussion only
occurs between you and your lab partner at a volume no louder than a whisper.
Please be reminded that failing to abide by this direction will result in a zero for the
lab final grade.

Situation #1- 25, 425 feet of bailing wire must be sent to Iraq, determine its weight and
mass using well calibrated lab equipment and some dimensional analysis. Answer in the
space provided below.

:rvfass(g) _ _ _ __
Mass (Kg)_ _ __ __
Weight (lbs) _ _ __

Situation #2- A glass marble definitely has a density greater than 1 g/mL. Your
objective is to determine exactly how dense a glass marble is, and report that density in
the space provided below:

Density (g/mL)_ _ __
Density (lbs/ cubic ft )- - -- -
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Situation #3- A particularly strange Biology Professor would like to heat her tea water
using the discipline of Calorimetry. If she places 100 mL of tap water in a calorimeter
and then heats a 17.5 gram piece of iron (Specific Heat= .107 cal/g C). Calculate how
hot the metal was to begin with if the water started at 22 C and ended at 3 7 C.

Temperature Final _ _ _ __

Situation #4- Calculate how many bacteria ( dots ) would be in a 3 meter by 2. 5 meter
culture identical to the sample below. In other words, how many dots would be present
on a sheet of paper that was that big.

Answer
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Biology Lab Final
Lesson Plans
OBJECTIVES- Students will be introduced to performance based assessment within a
finite amount of time. (1 class period)

EALRS- EALR 2: The student knows and uses the skills and processes of science and
technology. 2.2.1- The student develops the abilities necessary to do scientific inquiry.
2.2.2- The student applies science knowledge and skills to solve problems or meet
challenges.

ANTICIPATORY SET- Give students the basic ingredients to prosper in the lab setting.
Demonstrate the use of measuring tools (i.e.- balances, thermometers, metersticks etc}
Also give students the safety background to do it without fail.

CONTENT- The student will perform in conjunction with her/his lab partner to solve a
common scientific task including problem solving and the proper reporting of a solution.

MATERIALS- Operational Lab Equipment and a setting that allows students to safely
perform scientific discovery ( an equipped science lab with the proper safety equipment).

ASSESSMENT- See attached Chemistry or Biology Lab Final.

CLOSURE- After they have completed the lab assessments, grade them based on a
teacher derived standard of what are the correct answers taking into consideration human
and measurement error. Discuss with the students possible areas of improvement in
reducing the value of these errors.
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Nru:ne: _ _ _ _ __
Period: _ _

Chemistry Lab Final
Be sure to read all directions thoroughly before
beginning. You are assessed on the ability to utilize
your time efficiently.
1. T::ike a small Dixie cup ancl fill it completely with sucrose (knowing the

Formula is this: C:ali,:91~. Level the substance off at the top ancl with the
information proviclecl above fincl how many moles are in your :illottecl
;:imount of sucrose.

Answer:

-------

2. Find the density of a marble in g/ml and lbs/cubic ft .

Answer: _ _ _ _ _ _ g/mL

Answer: _ _ _ _ _ _lbs/ cubic ft

3. Using the piece of wire you are given; find how many pounds are in
one mile. (Hint: use the mass and length of your wire).

Answer: - - - - - - - - - -
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4. Using three different thermometers, calculate the
average boiling point of Mysterious Liquid (HINT
HINT HINT_ this may take a while so use your time
wisely_ also remember not to let your thermometer
touch the bottom of the beaker).
Circle One : Chemical X

Chemical Y Chemical Z

Temperature #1 - - - - - - Temperature #2 _______
Temperature #3 _______

Average:
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Chemistry Lab Final
Lesson Plans
OBJECTIVES- Students will be introduced to performance based assessment within a
finite amount of time. ( I class period)

EALRS- EALR 2: The student knows and uses the skills and processes of science and
technology. 2.2.1- The student develops the abilities necessary to do scientific inquiry.
2.2.2- The student applies science knowledge and skills to solve problems or meet
challenges.

ANTICIPATORY SET- Give students the basic ingredients to prosper in the lab setting.
Demonstrate the use of measuring tools (i.e.- balances, thermometers, metersticks etc.).
Also give students the safety background to do it without fail.

CONTENT- The student will perform in conjunction with her/his lab partner to solve a
common scientific task including problem solving and the proper reporting of a solution.

MATERIALS- Operational Lab Equipment and a setting that allows students to safely
perform scientific discovery ( an equipped science lab with the proper safety equipment).

ASSESSMENT- See attached Chemistry or Biology Lab Final.

CLOSURE- After they have completed the lab assessments, grade them based on a
teacher derived standard of what is the correct answers taking into consideration human
and measurement error. Discuss with the students possible areas of improvement in
reducing the value of these errors.
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Additional Contacts:

Bush, Dave
Graf, John
Hanna, Marc
Harris, Ray
Rishor, Chuck

Additional Sources:

http;{lwww.waythingswork.com

http://www.howstuffworks.co m
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Chapter Five
Summary, Conclusions, and Recommendations
S11111111a,y

The author will always will be a proponent of hands-on lean\ing. Not only does
this type ofleaming work for the author, but 11,lso
he has noticed the vast majority of his
,'f
students retain information best when actively involved. This project provided 15
different classic hands-on science projects that are designed to supplement a variety of
high school science classes. The use of the projects in the author's classroom as well the
literature review affirm that students will remember labs and projects to amazing detail
and the scientific principles that accompany them.

Conclusions
When the author puts to paper what his educational philosophy consists of, the
words clear, concise, realistic and relevant come to mind.
The word cler,r aids students in his classroom to know what the expectations are
and are representative of the rubrics in Chapter 4. He cannot expect a student in his
classroom to guess what the expectations are for the course as much as an employer
cannot expect an employee to guess what his/her job is. It is true that this does build
character, but also builds discontent and an overall frustration in the student. Do not
mistake easy expectations for those that are clear. A student must first of all know the
goal if they are indeed going to reach it. A target can b~ far away but should not be
moving back and forth while you are aiming at it.
The second word concise gives students a well-tuned educational machine and is
representative of each lesson's design sheets. The design sheets allow the student to

27

28

(

process the key points of the rubric while providing an opportunity to brainstom1 the
various ways the task can be accomplished. The definition of concise is; expressing
much in few words, brief and clear. The author feels that a good classroom should be
concise in the material that is presented.
The word realistic helps the students that enter his classroom in both the amount
of material presented and expectations placed on them. A realistic amount of homework
is an amount that prepares them for what college will require, but at the same time gives
them a chance to be a kid.
The word rele1•ant is perhaps the one word that governs the majority of his
teaching. Science is and should be the most interesting subject in school. It allows the
real world to be explained and provides students with the opportunity to ask the tough
questions.
The author does not go an entire week without fielding questions like "how does
the microwave work?" or "will we ever solve the energy crisis?". There should always
be an opportunity for an open forum as well as a hands-on activity. The science labs that
occur in his classroom require that the students bond a scientific principle with a realworld application.

Recommendations
It is the author's recommendation that further study in the subject of

project-based and hands-on curriculum be made py all science teachers. He believes that
a science room should ideally pe taught in a shop with an abundance of tools and
materials from which creations can be made. It is also his recommendation that parental
involvement is a must if students are truly going to prosper. Educators should promote
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the help of parents on all of the lessons presented within this project. It is realized by the
author that some parents will complete work for their children, but the good that can
come from this type of involvement far outweighs any detriment.
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